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SLURRY LOOP POLYOLEF1N REACTOR. 

The present invention relates to the polymerization of olefin monomers in a slurry 
loop reactor. 

High density polyethylene (HDPE) was first produced by addition polymerization 
carried out in a liquid that was a solvent for the resulting polymer. That method was 
rapidly replaced by polymerisation under slurry conditions according to Ziegler or 
Phillips. More specifically slurry polymerisation was carried out continuously in a 
pipe loop reactor. A polymerization effluent is formed which is a slurry of particulate 
polymer solids suspended in a liquid medium, ordinarily the reaction diluent and 
unreacted monomer (see for Example US-A-2,285,721). It is desirable to separate 
the polymer and the liquid medium comprising an inert diluent and unreacted 
monomers without exposing the liquid medium to contamination so that said liquid 
medium can be recycled to the polymerization zone with minimal or no purification. 
As described in US-A-3,1 52,872, a slurry of polymer and the liquid medium is 
collected in one or more settling legs of the slurry loop reactor from which the slurry 
is periodically discharged to a flash chamber thus operating in a batch-wise manner. 

The mixture is flashed in order to remove the liquid medium from the polymer. It is 
afterwards necessary to recompress the vaporized polymerization diluent to 
condense it to a liquid form prior to recycling it as liquid diluent to the polymerisation 
zone after purification if necessary. 

Settling legs are often required to improve the polymer concentration in the slurry 
extracted from the reactor; They however present several problems as they impose 
a batch technique onto a continuous process. 

EP-A-0,89 1,990 and US-A-6,204,344 disclose two methods for decreasing the 
discontinuous behaviour of the settling legs and thereby for increasing the solids 
concentration. One method consists in replacing the discontinuous operation of the 
settling legs by a continuous retrieval of enriched slurry. Another method consists in 
using a more aggressive circulation pump. 



WO 2004/026463 



2 



PCT/EP2003/010704 



These methods slightly improve the continuity of the circulation and thereby the 
solids content, but there is still ample room for improvement. Indeed, slurry loop 
reactors are not perfectly mixed reactors. The slurry is composed of a liquid phase 
and a solid phase. Because of the significant differences between the specific 
masses of the liquid and of the solids, and because of the very low viscosity of the 
liquid, the components of the slurry are separated by centrifugal'force when traveling 
through a curve with the solids being pushed towards the outer part of the curve. 
There is thus a concentration profile in the normal section of the reactor. The 
centrifugal force exerted by the circulation pump is also very large and decreases 
significantly the solids concentration in the middle of the reactor accumulating the 
solids close to the walls. There are numerous other causes of heterogeneity such as 
for example: 

- the nature of the feed coming to the reactor that, under standard conditions, is 
made of mixed liquid and gas phases; 

- discontinuous catalyst feed, currently occurring with chromium-based 
catalysts; 

- discontinuous settling legs extraction. 

When the reactor is pushed to its limits of operability, the energy consumption of the 
circulation pump increases on average and becomes less stable and the reactor 
temperature becomes unstable. 

It is an object of the present invention to refrain the onset of the instabilities 
described hereabove. 

It is another object of the present invention to produce a polymer with improved bulk 
density and reduced molecular weight distribution. 

It is also an aim of the present invention to improve the catalyst productivity and 
therefore the reactor throughput 
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It is another object of the present invention to improve the homogeneity of the flow in 
the loop reactor. 

It is a further object of the present invention to increase the solids concentration in 
5 the reactor. 

It is yet another object of the present invention to increase the production of polymer 
in a slurry loop reactor. 

10 Accordingly, the present invention discloses a slurry loop reactor having one or more 
loops and comprising on at least one of the one or more loops, either a by-pass line 
(2) connecting two points of the same loop (1) by an alternate route having a 
different transit time than that of the main route and/or a modified circulation pump 
with internal re-circulation, and/or a mixing element that improves the homogeneity 

1 5 of the circulating slurry. Said slurry loop reactor is capable of improving the mixing 
within the reactor. 

Throughout the present description the loops forming the slurry loop reactor can be 
in parallel or in series and additionally, each loop can be folded. 

20 

Figure 1 represents schematically the loop reactor (1 ) with a by-pass line (2) inserted 
between two points of the main loop. It also includes the settling legs (3). 

Optionally, the by-pass may be jacketed. 

25 

Any one or more of the loop reactor modifications recited here-above can be 
implemented on any of one or more of the loops in the reactor. 

The by-pass line carries a fraction of the slurry of from 0.5 to 50 % of the total flow 
30 rate, preferably of 1 to 1 5 % of the total flow rate. 

The flow time through the by-pass line is different from the time necessarv to travel 
through the main loop as the routes have different lengths. This difference in travel 
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time results in longitudinal mixing that improves the homogeneity of the slurry within 
the reactor. 

Preferably, the distance traveled by the slurry in the by-pass is shorter than that 
traveled in the main loop, and the slurry is re-injected in the main loop at an angle of 
from 1 to 90 degrees, preferably at an angle of from 30 to 60 degrees and more 
preferably at an angle of about 45 degrees. 

The diameter of the by-pass is less than that of the main loop and the ratio DB/DLof 
the by-pass diameter DB to the loop diameter DL is of from 1:12 to 1 :2, preferably of 
from 1:6 to 1:3. 



The present invention further discloses the use of a by-pass line connecting two 
points of the main loop (1 ) by an alternate route having a different transit time than 
that of the main route, for improving the homogeneity of the circulating fluid in a 
slurry loop reactor. 

In a second embodiment according to the present invention, the homogeneity of the 
fluid circulating through a slurry loop reactor is improved by modifying the circulating 
pump so that it operates with a significantly reduced efficiency, of from 30 to 75 %, 
significantly lower than the efficiency obtained on standard slurry loop reactors. The 
pump efficiency could potentially be reduced further. 

This is achieved by allowing from 0.5 to 50 % of the flow, and preferably from 1 to 25 
% of the flow, to be re-circulated from the pressure side of the impeller blade to the 
suction side of the same impeller blade. 

The re-circulation is carried out by leaving an empty space between one or more 
blade(s) of the impeller and the shroud of the pump, said space being of the order of 
from 0.5 to 10 % of the pump radius and preferably of from 1 to 5 % of the pump 
radius. 
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Alternatively, the re-circulation can be achieved by the presence of holes in the 
impeller blades. The total surface of the holes is of from 0.1 to 35 % and, preferably 
of 0.5 to 15 %, of the surface of the blade measured in its central plane. The holes 
can have any shape and position and can be absent from some blades. 

In a third embodiment according to the present invention, the radial homogeneity of 
the flow in the slurry loop reactor is improved by the insertion of fixed obstacles 
within the reactor. 

The obstacles can be massive or in the shape of conduits. 

The positions of the obstacles are selected to reduce the heterogeneities and are 
thus located where heterogeneities are most likely to occur such as for examples at 
curves or at pump discharge. 

The polymer products obtained with the modified loop reactor according to the 
present invention have a bulk density that is from 1 to 5 % higher than that of the 
polymer products obtained with the unmodified loop reactor. 

The molecular weight distribution (MWD) is defined by the polydispersity index D 
which is the ratio Mw/Mn of the weight average molecular weight Mw to the number 
average molecular weight Mn. It is typically reduced by 5 to 15 % in the polymer 
products obtained with the modified loop reactor according to the present invention. 

The catalyst productivity is substantially improved without any loss in production. The 
catalyst productivity is typically increased by 10 to 50 %. 

This improvement in catalyst productivity is obtained thanks to an increase of the 
residence time in the reactor and to the extension of the stable operation window. It 
has been observed that the solids content, measured as the ratio of the particle 
mass flow rate to the total mass flow rate, is increased by at least 1 .5 %, preferably 
by at least 3 %. 
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Examples. 

The same loop reactor has been used to polymerize a given grade of high density 
polyethylene (HDPE) with and without a by-pass. The operating conditions were the 
5 same and they are summarised in Table I. 

TABLE I. 





Without by-pass 


With by-pass 


Number of data 


414 


296 


Temperature °C 


107 


107.6 


[CT] wt% 


4.97 


4.80 


[CQ-] wt% 


0.04 


0.04 


Productivity (g/g) 


2652 


3651 


Production (t/h) 


7565 


7704 


HLMIg/10min 


2.10 


2.07 



10 The HLMI was measured following the method of standard test ASTM D 1238 at 190 
°C and under a load of 21 .6 kg. 

As can be observed, the catalyst productivity was substantially improved without any 
loss of production. 



15 
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CLAIMS. 

1 . A slurry loop reactor having one or more loops and comprising on at least one 
of the one or more loops either a by-pass line (2) connecting two points of the 
main loop (1) by an alternate route having a different transit time than that of 
the main route and/or a modified circulation pump with internal re-circulation, 
and/or a mixing element that improves the homogeneity of the circulating 
slurry. 

2. The slurry loop according to claim 1 wherein the by-pass line carries a fraction 
of the slurry of from 0.5 to 50 % of the total flow rate. 

3. The slurry loop according to claim 2 wherein the by-pass line carries a fraction 
of the slurry of from 1 to 15 % of the total flow rate. 

4. The slurry loop according to any one of the preceding claims wherein the 
slurry traveling in the by pass line is re-injected in the main loop at an angle of 
from 1 to 90 degrees. 

5. The slurry loop according to any one of the preceding claims wherein the ratio 
DB/DL of the diameter of the by-pass DB to that of the main loop DL is of from 
1:12 to 1:2. 

6. The slurry loop according to any one of the preceding claims wherein the ratio 
DB/DL of the diameter of the by-pass DB to that of the main loop DL is of from 
1:6 to 1:3. 

7. The slurry loop reactor according to any one of the preceding claims capable 
of improving the longitudinal mixing within the reactor, characterised in that 
the circulating pump operates at an efficiency between 30 to 75 %. 
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8. The slurry loop reactor of claim 7 wherein the pump efficiency is reduced by 
leaving an empty space between one or more blades of the impeller and the 
shroud of the pump. 

9. The slurry loop reactor of claim 7 or claim 8 wherein the pump efficiency is 
reduced by the presence of holes in the impeller blades. 

10. The slurry loop reactor according to any one of the preceding claims having 
fixed obstacle therein to improve the radial homogeneity of the flow in the 
slurry. 

1 1 . Use of the slurry loop reactor according to any one of the preceding claims to 
improve the catalytic productivity without any loss of polymer production. 

12. Use of the slurry loop reactor according to any one of claims 1 to 10 to 
increase the bulk density of the polymer product. 

13. Use of the slurry loop reactor according to any one of claims 1 to 10 to 
increase the stable operation window. 

14. Use of the slurry loop reactor according to any one of claims 1 to 10 to 
improve the homogeneity of the longitudinal flow in the reactor. 

1 5. Use of the slurry loop reactor according to any one of claims 1 to 1 0 to 
increase the solids content in the reactor by a factor of at least 1 .5 %, said 
solid content being defined as the ratio of the particle mass flow rate to the 
total mass flow rate. 



i 



INTERNATIONAL SEARCH REPORT 



tnternat^^I Application No 

PCT/ff 03/10704 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 B01J19/18 B01J19/24 C08F10/00 C08F2/14 



According to International Patent Classification (IPC) or to both national classification and IPC 
B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 B01J C08F 



Documentation searched other than minimum documentation to the extent that such documents are included In the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

EPO-Internal 



C. DOCUMENTS CONSIDERED TQ BE RELEVANT 



Category * 



Citation of document win indication, where appropriate, of the relevant passages 



Relevant to claim No. 



EP 0 307 238 A (DAINIPPON INK & CHEMICALS) 

15 March 1989 (1989-03-15) 

page 3, line 5 - line 32; figure 

US 5 602 216 A (JUVET JACQUES) 
11 February 1997 (1997-02-11) 
the whole document 

EP 0 516 037 A (NESTE 0Y) 
2 December 1992 (1992-12-02) 
the whole document 

DE 26 34 471 A (SEIFERT WILHELM) 

2 February 1978 (1978-02-02) 

page 6, paragraph 4 -page 7, line 19 

page 8, paragraph 4 -page 10, line 13; 

figures 



1,10-15 
1,10-15 
1,10-15 
1,10 



□ 



Further documents are listed in the continuation of box C. 



Patent famfly members are listed In annex. 



' Special categories of died documents : 

A* document defining the general state of the art which Is not 
considered to be of particular relevance 

•E' earlier document but published on or after the international 
filing date 

*L" document which may throw doubts on priority daim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

•O* document referring to an oral disclosure, use, exhibition or 
other means 

•P' document published prior to the international fiDng date but 
later than the priority date claimed 



*T" later document published after the international filing date 
or priority date and not In conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

'X' document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"V document of particular relevance; the claimed invention 

cannot bo considered to involve an Inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art 

document member of the same patent family 



Date of the actual completion of the international search 



15 December 2003 



Date of mailing of the international search report 

22/12/2003 



Name and mailing address of the ISA 

European Patent Office. P.B. 5818 Patentlaan 2 
NL-2280HVR5swqk 
TeL (+31-70) 340-2040, Tx. 31 651 epo nL 
Fax: (+31-70) 340-3016 



Authorized officer 



Van Belleghem, W 



Form PCT/lSA/210 (second shoot) {July 1002) 



INTERNATIONAL SEARCH REPORT 

l^prtation on patent family members 


Internatijral Application No 

?C\JW 03/10704 


Patent document 
cited In search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 


EP 0307238 


A 


15-03-1989 


JP 


1070507 A 


16-03-1989 



JP 2560342 B2 04-12-1996 

CA 1308854 C 13-10-1992 

DE 3880242 Dl 19-05-1993 

DE 3880242 T2 21-10-1993 

EP 0307238 A2 15-03-1989 

US 4948847 A 14-08-1990 



US 5602216 A 11-02-1997 EP 0755945 Al 29-01-1997 

AU 706258 B2 10-06-1999 

AU 6066696 A 30-01-1997 

CA 2181633 Al 27-01-1997 

DE 59504339 Dl 07-01-1999 

JP 9040704 A 10-02-1997 



EP 0516037 


A 


02-12-1992 


FI 


912602 A 


01-12-1992 








EP 


0516037 A2 


02-12-1992 








JP 


5230107 A 


07-09-1993 


DE 2634471 


A 


02-02-1978 


DE 


2634471 Al 


02-02-1978 



Form PCT/1SA7210 (patonl family annex) (July 1992) 



